In this paper we prove that minimal 3-spheres of CR type with constant sectional curvature c in the complex projective space CP n are all equivariant and therefore the immersion is rigid. The curvature c of the sphere should be c = 1=.m 2 − 1/ for some integer m ≥ 2, and the full dimension is n = 2m 2 − 3. An explicit analytic expression for such an immersion is given.
Preliminary
In [1] , Bejancu established the concept of CR-submanifold M in a Kähler manifold N . Namely, if there is a decomposition T M = V 1 ⊕ V 2 with V i a subbundle of T M, i = 1; 2, such that J V 1 ⊂ T ⊥ M and J V 2 = V 2 , where J is the complex structure of N and T ⊥ M is the normal bundle on M, then M is called a CR-submanifold of N . In this paper, we assume that N is the complex projective space CP n with constant holomorphic sectional curvature 4.
The minimal surface theory in CP n has made a great progress over the past thirty years. For constant curved minimal 2-spheres in CP n , the immersion ' : S 2 → CP n is uniquely determined by the induced metric, and ' can be constructed from its directrix ' 0 : S 2 → CP n by using arithmetical procedure [2] . Up to now merely a few examples have been known for higher dimensional minimal submanifolds in CP n . There are some examples of holomorphic submanifolds and Lagrangian minimal submanifolds [3, 4, 6] . In [5] we studied equivariant minimal 3-spheres with constant (sectional) curvature c immersed in CP n . Here the terminology Project supported by the NSFC (10261006), the NSFJP (0211005) and the FANEDD (200217 
is the natural projection and A : CP n → CP n is a holomorphic isometry. In [5] , we provided two examples of minimal immersions from S 3 into CP n . One of these examples is below. EXAMPLE 1. For a given integer m ≥ 2, put k = .m−2/.m+1/, l = .m−1/.m+2/,
where t ∈ .0; ³=2/. Let
where .z; w/ ∈ S 3 = {.z; w/ ∈ C 2 | zz + ww = 1}, and {" 0 ; : : : ; " k ; " 0 ; : : : ; " l } is the natural basis of
, where 
Local formulae
Identify S 3 with the Lie group SU.2/ with metric ds 2 of constant curvature c as follows
where the metric ds 2 is bi-invariant and is given by ds 
Since ' * is skew symmetric and ' is of CR type,
Here F| V2 determines an orientation of V 2 . Thus V 1 is orientable, and there is a unit section X 1 of V 1 . By definition F X 1 = 0. Take a local orthonormal frame {X 2 ; X 3 } of V 2 defined on some open subset U such that
Let {! 1 ; ! 2 ; ! 3 } be the dual frame of {X 1 ; X 2 ; X 3 }. We then have
Denote by ; the canonical symmetric scalar product of C n+1 . Choose a local unitary frame {e 0 ; e 1 ; : : : ; e n } of the trivial bundle where i = √ −1 and ² 0 = −i de 0 ;ē 0 is a real 1-form. From (2.5) we get (see, for example, [5] and from |e 2 + ie 3 | 2 = 0, we obtain e 3 = ie 2 . We have proved [5] Constant curved minimal CR 3-spheres in CP Exterior differentiating (2.1) gives 
for some constant a, then a 2 = c and ! j is left-invariant for j = 1; 2; 3.
PROOF. Let {! jk | j; k = 1; 2; 3} be the connection forms satisfying
where {X j } is the dual of {! j } and ∇ is the Levi-Civita connection. The structure equations for S 3 are
3} is a global orthonormal frame of T * S 3 , we set ! j = k u jk!k , where u jk ( j; k = 1; 2; 3) are defined on U and satisfy l u l j u lk = Ž jk = l u jl u kl : (2.11) Without loss of generality we set a = √ c and
where * 1 denotes the the volume element of S 3 . The Hodge's star operator induces a bundle homomorphism * :
It is clear that * .
If we set du jk = l u jk;l!l , then u jk;l = u jl;k ( j; k; l = 1; 2; 3) by (2.12). From (2.11) we see that j u jm u jk;l = 0 for m; k; l = 1; 2; 3. Consequently u jk are constants for j; k = 1; 2; 3.
where {! jk } are the connection forms determined by (2.9). Then (2.10) can be rewritten as
By assumption we have −.¦ ∧ ! + ¦ ∧!/=2 = 2a! 2 ∧ ! 3 = ia! ∧!. This forces ¦ .X 1 / = 0. We set ¦ = ½! + ¼! with ½ −1 = −2ia. Thus ½ = ½ 1 − ia for some real ½ 1 . Using (2.14) we get
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Since X 1 is real and a = 0, we get ½ 1 = 0 and
From (2.15) we know that d¼ = 2i¼! 23 + ¹!. This gives idt = 2i! 23 + ¼ −1 ¹!. Thus ¹ = 0 and ! 23 = dt=2. Using (2.14) we get |¼| 2 = |½| 2 + c = a 2 + c, contradicting (2.16). Therefore, we have a 2 = c and ¼ = 0. Then ¦ = −ia!, that is, ! 12 = a! 3 and
Choose frame
and let {! j } be the dual frame of { X j }. Then! 1 = ! 1 ,! 2 = cos f ! 2 + sin f ! 3 and
From (2.10) we have
Thus ! 1 =! 1 is left-invariant by virtue of Lemma 2.2.
Proof of Theorem 1.3
Let ' : S 3 → CP n be a minimal immersion of CR type with induced metric ds
It is sufficient to prove that ' * is left-invariant by virtue of Theorem 1.2.
Since V 1 = ker F is orientable, we have a unit section ! 1 of V * 1 . Using Lemma 2.1, for any p ∈ S 3 we have a local unitary frame {e 0 ; e 1 ; : : : ; e n } of C n+1 and a local orthonormal frame {! 2 ; ! 3 } of V * The exterior differential of (3.1) gives
by (2.6) and
: : : ; n/; (3.4)
Comparing (3.3) with (2.14) and noting that ! 1 , ! 23 , ² 0 , ² 1 and ² 2 are all real-valued 1-forms, we get
The third equation in (3.8) gives
Since ' is minimal, we have [5] 
: : : ; n/: (3.12) According to (2.9), ∇! 1 = −! 12 ⊗! 2 −! 13 ⊗! 3 = −.¦ ⊗! +¦ ⊗!/=2. Substituting it into (3.11) and using (3.9), we have Exterior differentiating (3.9) and using (2.14), (3.6), (3.9), (3.14) and (3.15) we get 
